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W E: BN XTEHRT 9 MR R P IR 2395 82 (polycyclic aromatic hydrocarbon, PAHs)AY%% £4 B4R
SRR T Tk BRI 2RI R IR O b A B (1= VIR SRR IR, 4REiE 5
1% (gel permeation chromatography, GPC)i§t+fb i, it DB35-MS BN (ibhl /8, SR i 3 i IRk )
N WA AT BTRE A, LAABRIGE L. #RTEER A i, RAIEEMRJR(US environmental protection agency,
USEPABE R AR I 5T 45 & 0 X, B 24 FlF(toxic equivalency factors, TEF)Jy 4k % PAHs HHXT 7
I () ek (BaP) A de M i vk B, SR FH 2 A: 3O XU (increased lifetime cancer risk, ILCR) #5780 47 g R XU °F
firo BER Xt 90 ANEESLBEAT TR, JriE R A 0.017~0.171 pg/kg, IE FBRM 0.051 pg/kg, HkrENgER
A 71.0%~117.0%, FHXSPRIEM 2] 1.79%~8.24%. 9 DIFRFAIX 16 Fi PAHs 43 54 HATE 100%, UFHTE
6.62~53.2 pg/kg, it b 3 . 4 IMERIRFHHI T EE R, BUREN BRI @EE BRI . FRAEX
PAHs SR AMTGHE, b PRI 43 S Al VR LU S HE— 2D B0 E TS S 0 Al . ILCR SERFE 2.74x107'0 ~
3.30x10°%, £Hi  BUBMKEAL FHHIKF, 23 E N .
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ABSTRACT: Objective To analyze the residues and health risk of polycyclic aromatic hydrocarbons (PAHs) in
Macrobrachium rosenbergii in major aquaculture areas of Gaoyou city. Methods Polycyclic aromatic

hydrocarbons (PAHs) were extracted by Soxhlet's method in cyclohexane-dichloromethane (1:1=V:V) mixed solution.
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After purification by gel permeation chromatography (GPC), PAHs were separated by DB35-MS capillary column.

Samples were detected by mass spectrometry with electron bombardment source selection reaction monitoring mode,

and quantified by internal standard method. According to the residues, the total toxicity equivalent concentration of

PAHs relative to benzo [a] pyrene (BaP) was estimated by United States Environmental Protection Agency (USEPA)

risk model and toxicity model, and then the lifetime carcinogenic risk (ILCR) model was used for health risk

assessment. Result A total of 90 kinds of samples were tested. The limits of detection were 0.017-0.171 g/kg, and

the lower limit was 0.051 g/kg. The recoveries of standard addition ranged from 71.0% to 117.0%, and the relative

standard deviations ranged from 1.79% to 8.24%. The total detection rate of 16 PAHs components in 9 aquaculture

areas was 100%, ranging from 6.62 to 53.2 pg/kg. Structurally, the content of 3 and 4 rings as dominant components

was relatively high, and the benzo (a) pyrene with significant carcinogenic effect was not detected. Petroleum

pollution was the source of PAHs in aquaculture area, and the ratio method of medium to high cyclic isomers further

verifies that the source of PAHs was petroleum. The range of ILCR ranged was from 2.74x107'° ~3.30x107%,

Conclusion Cancer risk is at a controlled level and within acceptable limits.

KEY WORDS: Macrobrachium rosenbergii; polycyclic aromatic hydrocarbons; aquiculture area; risk assessment
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VT4, BEAE Tl (Y sk & S, A2 ) BREE s HE
HITS gtk i 2, I B FCA T A FE A A, 15 2
155 %2 ((polycyclic aromatic hydrocarbon, PAHs)TE 45 FliFh
BB AeE S BRI R AR R X,
KT PAHSs #5018 T Hfh k8 vron s s
ALK =M, REBKZ S WEE, Ko+ e,
% PRI AR 2 i HR K7™ i 8 — KR AE 42 B RV AT
HEXZ—, [ EME— <4 E 2 R IMR L TR
NI, HETATTS MRSRE AR A E SR AR 174 LA
b, AEFEEARL) 4 T, SR T A K SR SRR
SRR A I FE AL O, o IR 2 R R FE /K PR 58 4500
W, SR EE E R L. EEMESA IR EHATZ
105 15 E BRI U A A TR S R SUK S, T AE 8 K
J 7 X SRA X S P M B = R GE R A T . R AR
SCUA TR MRS A XA AR AR X, U QTR IR A IR X &, 43
BT I3 X MR AR N 2 3007 R 5% B IR, IRR 2310718 431
A O UR, IF R F 3E [ 2R 4R 35 5% £ 97 (United  States
Environmental Protection Agency, USEPA)IFA 5%t & [
TR IR F 22 4 R AT A e IRURS DA O, A T figp v i vl 32 22
FH X IR T [CTBAF 2 7 IR T5 e i, e RE A% 24
BERTEE AR, A OCERT SRS AR OGS, AT IR
B ISR AR R AT KRS R o

2 MRIEREE

2.1 NE5ERE
Agilent7890A/5975C St A1 (3EH Agilent /A H]);
GPC-ULTR GPC BEHfb e 4s R (FEE LC tech 2 H);

R-81 JIg il 1 . R-200 JEF% 7% % AN (i =26 B A W),
Allegra™ 21R AR EH B E.OHL(ERE Beckman 2 H));
XW-80A U HY R g R A AL (i I G 0 A48 T); Elix
5+Milli - Q Academic 4fi/K{% (3¢ E Millipore 23 1]); AE200
HL K9P (&R 0.0001 g, Fi M4 AR -4 R 228 WD),
JY5002 HL PR (& 0.01 g EERERE ),
N-EVAP™111 W X (3£ E Organomation 23 #]); KQ250B
HBFE B VAR (R LT M S LA A BR A F); Turbovap 1142 H
SRR LA (B Caliper A H)).
22 Z@m5ERHF

16 7 PAHs RS ARME S (200 mg/L, 4V T PR 797 R}
WV FT); AFRIE-dy, 4.0 mg/L. J&-djo 4.0 mg/L. FE-d,
0.2 mg/L. Jii- d,4.0 mg/L(ZE[E Accustandard 23 H));
e, IECHE. ZRRCHR. TNl . &b, Bl (ke %
[l Tedia 24 il); AAILAICMHTLE, HEFOHA-IRAIA B ).
23 HmXEE. flE Rl

FEGRAE: WIS IRT A H0ZZ) . B EEIZ).
VIES(TZZ) . HEH(GDZ) R X (KFQ) . JEMLFH(LQZ).
JAINEE(Z22Z) . EFFHE(SQZ) . =¥ (SUZ)SL 9 A2 4, &
A S IR 10 MAES,, SETF 90 MM

RES & Ve B IRTHAR, SRR LTS, BT,
FH ST REM DT BLAI2K, BT 20 °CUKHI PRI A7,
0 52 R L 2 T R AL T A FRAE

FESRTANEL: HERFREUR A 51 R R 5.00 g TOAE
AR, A BRI, TR LA 100 mL 36 C A
TERLE(L, VIV IRATEFIINAEG 10 9, WA 2 h, #
Ve 3 IR IR Z 250 mL RS ESI , 40°C/K e
KRERZE 1 mL, FiNCE:CROB(1:1, VVIRGRERE
10.0 mL, #EAT GPC ik, WOARUHIM 1| mL, RT3 -
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ik 1Y (gas chromatography-mass spectrometer, GC-MS)
K rsl,
24 FREBRBRRREES

FRUEVETR: f# FIE C e iRt PAHs IR S FRIEETR SN
FRbRuEIE R, BOd S 16 Al PAHs ¥ 9 1.0, 5.0, 25.0,
50.0. 100, 250 pg/L, PIFRHEEE R 100 pg/L MIFRUE, LIAR
THEVAS Y HH 0 D 2L 430 T ELRIT PR 0 I e TSI L A A A
b, FRUETICP AR PAHSs BHREEFI N AR MR BE B LA
AT o

B gl SRR R AT, S AR R AT
AR (50 T Ak BRI R b AR A T BT ] S AR
25 (USEI{EHEH

A3 452 DB35-MS(30 mx0.25 mm, 0.25 pm); ke
PR 260 °C; 3N 99.999%m 40 A<, Aoiitee, ¥
FEEE 1 Ly ikt 1.0 mL/min; FEFHERRF: IR 70 °C,
45 1 min, P4 15 °C/min F+ & 190 °C, %3 1 min,
25 °C/min J}Z 200 °C, 5 °C/min F+Z 230 °C{£3% 4 min,
2.5 °C/min F+Z 250 °CH##F 3 min, 2 °C/min F+ % 280 °C{#
5 3 min, 20 °CTF+ & 310 °C{#4F 2 min,

JEiE S BI W, B FURIERRE: 260 °C; DUMATIREE:
150 °C; fE5ZkiEE 280 °C; EFFRE FAMI( selected ion
recording, SIM) 1R, #&F" PAHs M NFRPIRIENE . &t
BFILE 1,

GPC 4A/%: TACS TM £4t TACS TM S5 iR
40 °C, WENMFIE 5.0 mL/min, FESERFR 5 mL, FEAT
WFIE] 1140 s, FBA7AFIE] 2000 s, J5iafFmiE 120 s, HE55
BB 1: 170 mbar, BBt 2: 210 mbar, J5iaf7iHE 120 s,

2.6 fEERXBEIFM

PAHs il 5 XU - AR IR SRS Y 5 A Mg BRI Rl
VL H R 2R e el B KU SN B iR B 2, TR
T AT B AR | SRR | USSR | G A A0
ASOR R RS AR S 8 R 25 5 1 =, DAKURS: B2 4 Ry 3
MR, RGPt AR 5 i KU . 26 FH 1 2
5 [HlF(toxic equivalency factors, TEF) 7 A% PAHs A%+
R I (a)EE (BaP) B S 25 M 20 o Wk B B 78 A7 B0 M XU 7F
flis, AT LLERIR A Z 3507 IR W B AL BaP By #EME
B, LR F & BaP SR REER DREA, =
sl

K FH & A 3500 XU (incremental life time cancer risk,
ILCR) HREIPEAG T ERIBEF 8 FhEUEMEZ I IR A YIR
@B . FIO)IE . RIFRFE . B, =
A (a, N I (e h, DEERIEII(L, 2, 3-cd)EE)], 8 Flh
BURBURIEZ IR E YR e JE . 2. 3B L
PR EEWESUE KU PN,

%1 PAHs ) BaP FHET
Table 1 Toxic equivalent factors (TEFs) of PAHs

PAHs TEF PAHs TEF
Nap 0.001 Baa 0.100
Acy 0.001 Chr 0.010
Ace 0.001 Bbf 0.100
Flo 0.001 Bkf 0.100
Phe 0.001 Bap 1
Ant 0.01 Ind 0.100
Fla 0.001 Dba 5
Pyr 0.001 BghiP 0.100
n
TEQ,,, = XC/~TEF, 1)
ILCR 7TEQBaP><DBR\;I>E<[;:SFxEF><CF 2

(O n=16, C;}y PAHs 414} i 1% FC B IR HF MR BT, ng/kg;
TEF MG | s S BN F (R 1),

(2)=UH ILCR iy PAHs 7EXEFIHE T AR A 2
JE XK ; TEQgae N PAHs AHXF T BaP MZERUEUR #1E,
ng/kg; DR AZ [RIRIFEER AR, HRAGHMGeiH4Es)
IR 3.6%107, ke/d; SF > BaP 180 KUK 2 502 1 2 528K
{4, 7.3 kg-d/mg; CF J5EHN T, 107 mg/ng; EF JA4E 5
BRHL, BUH 365 d; BW S ABAE, ke, BUHE K 70 kg; AT
W AR 54, a, ERMGTH R EBUE 76 a; ED X
TAEBUEYEL 30 a, XTTFEUEYIH 70 a; AT XtES0 P HL
302 (10950 dy, X FEIEPEL 70 a (25550 d),

3 HREHR

3.1 BKBER+ PAHs & 2 KA

TEZS FIREA P IARARBE A 1.0, 5.0, 25.0 pg/ke, finks
FEIBSCR A 71.0%~117.0%, FXTFRUEMmMZE N 1.79%~8.24%.
TR R 0.017~0.171 pg/kg, M%E TR 0.051 pg/ke.

K 90 435 FCIHUFARE S, 9 /N4 16 FhZH 23 MAS & AE
100%, J= PAHs JEEITE 6.62~53.2 ng/kg, BURAEM BEMHM
Il R H (WK 2), = ARMEEF AR SR
FEICH) PAHS (4 ZH BUAIRE R & 1 22 SR e Fk IR, 2w
{9 PAHSs T4 M P 5 kU1 TRIAR SCR = A i 4y
Bro SR KPS RIFIFSELL 2~4 BN, 5~6 FRERTH:
H PR A H (N.D), RRIFREL PAHs FIF i i B (0 B 4
(RS E, FEDZEIHR AR RE B, 57 gs
4 3£>3 F>2 SHOLE 1), Hp 3 28, 4 FEMEHRA S S
A, 5T AR AU OHR AR FE R 2K R R R R 3R
PAHs B AERERSNAHEHE; SRRy
3. 4 AGER G BRI AR B FOCIBEE . 2 PRk Hh Rk 3
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100%, &HTE 1.93~10.5 pg/kg; 3 3R, %5, JERH K 100%,
JER A 88.9%, AR EERE, JUETE 1.24~19.3 pg/kg;
4 B, B¢ I AGAR] 100%, HgRAE 2.57~10.1 pglke,
EERH R IKF] 87.5%, T HAE ND~11.6 pg/kg.

SKIRE

PAHs JEAHEXS 3 A — e R I RB 6% f B 5
B IED7, R AR 4> F i (low molecular weight, LMW,
2~3 ¥ PAHs)/ = AHXT 4> F i f (high molecular weight,
HMW, 4~6 5711 PAHs) iJ /F: 24 5341 PAHs KA IR i) — I 45
Fro QR LMW/HMW>, 3%/8 PAHs £ ZRIE T MR, a0
. LMW/HMW<1, 7% PAHs F 20k U T#kpeili 22, %
3 AR, ASChHEAAES LMW/HMW 3K T
1(1.07~2.19), FRHF IREF PAHs FERIFEF A5,
I I S PRI CA SR P R R R A S A A (B, ARSI —

3.2

HHUGZAE B R UE, R 48 5 B/ REAR AT 1Y R AT
AR B, TR AR SO B¢ BUAE LU S BV it — 4 5
Br & TR R 2385 R SRR . 24 BU/EE (FA/PY) ELAE/NVT 1
i, FEARES A PAHSs 878 AR, 2¢BU/EE(FA/PY) ELfE/IN
F 1 BF, RERERAY PAHSs $5RIABEIEIT2 . 9 el Y
BE A AE SN NCO& A 4G 31 55 A 28 43 i £ b A TC 75 11
B)~0.96, LERE—IGIE T % FRIAIFH PAHSs FZDR N
AT Y o 2RO I = A G Tl & ik i
XI5 gLk, Ty shazl, PAHs 1544k -8 &8 & F 10
X, AR AR AR, X —858 5 A OS85 5 A0,
AR SRR S 1Y ISZ 41  KFQ 41 . LQZ 4 .8SQZ 41, 4%
BT I TUAH e B0 ) 3 e = A 3 i o R AR T Xk,
FEXMHEA LT, XA RES M ik T Sk K K is
YeHEii S A 7 4 PAHSs 1594 5.

*x2 SHITHEFEXTRBAH 16 1 PAHs & 2 (ng/ke)
Table 2 Contentrations of 16 species PAHs in Macrobrachium rosenbergii in different aquaculture areas of Gaoyou city (pg/kg)

W % R B s B O m sl o OO ey B IO R
(a) Bl W) (1,2,3-cd)éé (a,h)BE (g,h,i)IE
sy 2R 3FF 3F I 3FF 3I AFR 4FF 43 4 SH S 53 53 63 6
PAHs PAHs PAHs PAHs PAHs PAHs PAHs PAHs PAHs PAHs PAHs PAHs  PAHs PAHs PAHs PAHs
JSZ4 368 ND 022 124 160 ND 029 ND 830 11.1 ND ND ND ND ND ND 408
XJZ4 405 ND 068 024 3.8 ND ND ND 438 251 ND ND ND ND ND ND 157
TZZ4l 372 ND 263 233 619 ND 091 040 568 593 ND ND ND ND ND ND 278
GDZ#4 329 ND 046 132 11.7 ND 030 ND 527 562 ND ND ND ND ND ND 280
KFQ#4l 105 ND ND 671 193 ND ND ND 630 104 ND  ND ND ND ND ND 532
LQZ4 376 ND 048 282 145 ND ND ND 872 109 ND ND ND ND ND ND 412
7ZZZ4 193 ND 008 063 124 ND 017 ND 257 ND ND ND ND ND ND ND 662
SQZ#4 370 ND 030 321 165 ND ND ND 10.14 116 ND ND ND ND ND ND 454
SDZ4l 3.15 ND 0.9 0.15 324 ND ND 0.08 2.68 3.15 ND ND ND ND ND ND 125
e 420 ND  0.62 2.07 1029 ND 042 024 6.00 764 ND  ND ND ND ND ND
0.00 , 1.00
3.3 REERXKIEN
# A USEPA X ILCR A A 30 AU IX 7], 24 ILCR
<107° (a-1) IR KU AT LATR A2, AT R BGHE— 4 1 1 i 5
2 ILCR > 107 (a- 1) 26758 B 2058 5 ] 7K 32 il i XU 7Kk
BB, USSR AT A2 1, W ATE RN 1T 3, 4
ILCR A T3 Z 0B, JU) RGBS /K e T H o KU, B
TE BB RUKE, (HIR AR 8 B S XU K24 ey
100 000 %, Hﬁ'_%m4 AT EEﬁEEBﬁT?EE?MF%E%MBﬁ{EE
000 025 050 075 100" 2.74x107"% ~ 3.30x107° 7E AT B 32w FE P, 15 B e R T 4% 9%
255 B DX 2 VR MR Ak 38500 XU 25 il K OF o
BT % JeAIX R FFRAL PAHs 7 5 L fi 4 & i
Fig.l Triangular chart of the proportion of PAHs with different

rings in each aquaculture area

ASCLAR BT 9 A 2 81 FZFRFE X 90 F [RIHEF N
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Table 3 Ratio of LMW/HMW and fluoranthene/pyrene in each group of aquaculture area
JSZ 4 XIZH TZZ GDZ #i KFQ 4 LQZ #H 777 H SQZH SDZ H
LMW/HMW 1.07 1.28 1.15 1.50 2.19 1.10 1.42 1.09 1.12
DI 0.75 NC 0.96 0.94 0.61 0.80 NC 0.88 0.85
%4 BFERX PAHs £T BaP HEMLUEMNRFBENK
Table 4 Toxicity equivalence and lifelong carcinogenic risk of PAHs based on BaP in aquaculture areas
BoE JEEuE L BUR X (ILCR)
2H 7
TEQBAP/(ng/kg) TEQBAP/(ng/kg) 8 FhEUEYE PAHSs(a-1) 8 FllEEUE T PAHs(a-1) YILCR(a-1)
JSZ 4 29.4 40.5 1.01E-08 1.40E-08 2.42E-08
XIZH - 16.7 - 5.78E-09 5.78E-09
TZZ 95.4 265 3.30E-08 9.15E-09 4.21E-08
GDZ #H 29.6 27.7 1.02E-08 9.56E-09 1.98E-08
KFQ #1 - 53.2 - 1.84E-08 1.84E-08
LQZ A - 41.2 - 1.43E-08 1.43E-08
777 #H 17.0 6.5 5.88E-09 2.23E-09 8.11E-09
SQZH - 454 - 1.57E-08 1.57E-08
SDZ 4 0.8 12.5 2.74E-10 4.31E-09 4.58E-09
Rk 442 30.9 1.53E-08 1.07E-08 2.60E-08

BEAR, A3H T B TR S A A . IR R XURS, 2
RAB:

(1) 16 Ff PAHs 2143 B4 R 7E 100%, & PAHs JEH
TE 6.62~53.2 pg/kg, FUEAE LRI (a)EE R4
WA aLl 2~4 R E, 5~6 IR TR, 3 37, 4 HE
IS S R

(2) 16 Fl' PAHs 44> FERI A5 Y, SLIAE
BB ISZ 4. KFQ 4, LQZ 4. SQZ 4, 43#rik JLA %
PR 1 B A R A T X, e IR A X T
AT, XATRE S Sk TS IR K K5 Y i
th A PAHS 15444 6

(3) FFFH X B FCH R Ak F 8o KUK 45 il K . ILCR
1E 2.74x107'°~3.30x 107 ZE AT BEZ JE I N o 7K™ h 2 05 ke
PEAR Al A ASS R R 2 02 B AMIFSE I, Hh 1 N TR R
BEE AR EA 25, e KA AR S 50 e
T, DRI 58 4T X B [ TR IR 22 IR 55 1 A W A 25k (4
ARG, A T XU A B2 446 1T 5 B 358 2 %
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